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Hydroformylation of olefins is caihed out in presence of a catalyst 
comprising a Sub-Group VIII meial complex with a ligand in which 
two phenyl groups substituted with phosphorus-, arsenic- or antimony- 
containing residues are anached to a non-aromatic. 3- to 8-membeied. 
carbo- or hetem-cyclic, divalent bridging group. 

DETAILED DESCRIPTION 

A method for the hydroformylation of compounds with ethylenic 
double bond(s) by reaction with hydrogen and carbon monoxide in 
presence of a hydroformylation catalyst, in which the catalyst 
comprises complex(es) of Sub-Group VIU metal(s) with ligand(s) of 
formula (1). 

r- 



X = a non- aromatic. 3- to H-membeicd, carbo- or heten>-cyclic 

divalent bridging group with I, 2 or 3 double b<mds and 1, 2. 3 or 
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4 substituents selected from alkyi, cycloalkyi, aryl, heteroaryl, 
alkoxy, acyl. carboxyl. alkoxycarixmyl. hyibioxy. nitn>. cyano. 
trifluoromethyl, oxo (or their ketals) or -NE'E^ and X may be 
part of a condensed ring system with 1 , 2 or 3 other rings 
(optionally with 1 , 2 or 3 substiments as above), and X itself may 
be bridged by -0-, -S-, -N(Ra)- or another bridging group; 

E'. E' = alkyi, cycloalkyi or aryl; 

Ra = H. alkyI, cycloalkyi or aryl; 

Z', a phosphorus-, arsenic- or antimony-containing residue. 
An INDEPENDENT CLAIM is aLso included for a catalyst as ab«>ve. 

USE 

For the hydroformylation of ethylenically unsamrated compounds, 
i.e. for the production of aldehydes from olefinit. 

ADVANTAGE 

Enables the hydroformylation of a-olefins with high selectivity 
for the formation of a-aldehydes or alcohols and the hydroformylation 
of linear internal olefins with high regioselectivity in favor of terminal 
aldehydes. The catalysts used are mostly new Sub-Group VIII metal- 
phosphine complexes with high stability under hydroformylation 
conditions. 



EXAMPLE 

Trans- 1 .2-his- [o-(diphenylphbsphino)-phenyl]-cyclopentane 
(ligand II) was obtained from methyl o-chloro-lrans-cinnamate by (a) 
reaction with sodium sand in THFto give 2-carbomethoxy-3.4-bis-(o- 
chlorophenyD-cyclopentanone. which was separated into the cis and 
trans isomers (34.6% and 16.3% resTJectively) by cry.stalli.sation. 
chromatography and recrystallizaiion. (b) hydrolysis of the U^ans-ester 
with 48% hydrobroraic acid and decarboxylation at 130 to give 
trans-3.4-bis-(o-chlon>phenyl)-cycIopentanone (80.5% yield after 
flash chromatography), (c) redaction to the corresponding 
cyclopentane derivative by reaction with hydrazine hydrate and 
pota.ss-ium hydroxide in triethylene glycol at I6() ^'C (83.5% vield) and 
(d) reaction of the chlom compound (3.54 mmols) with lithium in 
THF (21 hours at .7« 'C) fo)lf>wed by filtration and reaction with 7.43 
mmols diphenylchlorophosphane (at -50 and -30 *C and then 
overnight at niom temperdture) to give ligand (II) in 3X% yield (after 
recry.stallizalion from acetone). A mixOjre of 2. 1 mg rhodium bi.s- 
carbonyl-acctylacetonate. 17.8 mg ligand ai), 6 g 1-octene and 6 g 
toluene was reacted with .synthesis gas {COfH^ ratio = 1: 1) for 4 houns 
at 90 ^'C and 10 bar. GC analysis of the product mixture showed a 
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conversion of 99%, widi a selectivity of 97% for a-isomers (n- 
aldehyde and iso-aldehyde). 



DEFINITIONS 

Preferred Definitions: 



1 



(1.11 



HC CH 



tlt.2) 



(113) 



(m.2) 



(ll>.3) 




(in.4) 



7J, 7J= PR'R'^. OPR'Rl P(OR')Rl P(0R')(OR-). OP(OR')R2 or 
OP(0R')(OR^); 

R', R^ = alkyI, cycloalkyi, hcterocycloalkyi, aryl or heteroaryl 

(opliomdly substituted with I, 2 or 3 gn)ups selected fri>m 



alkyl. cycloalkyi, helcrocycloalkyl, aryl heteroaryl, COORf. 

COO M*. SO.,Rf, SOs M*. NE^E\ alkylene-NE^E^ 

NE^E*E^*X . alkylene-NE'E*E''*X-. ORi; SRf. 

(CHRgCH20)yRf, [CHjNfE^Rf, fCH2CH:N(E^)lyRf, 

halogen. CF^. nitro. acy lor cvano; 
Rf. E\ E-*. E' = H, alkyl, cycloalkyi or aryl; 
Rg = methyl or ethyl; 
M = a cation; 

X = an anion; or a group of formula ( U. 1 )-(II.3), 

y = M20, or R' and R^ plus the P atom and optionally the attached O 
atom(s) may form a 5- to 8-membered heterocycle (optionally 
annelated with K 2 or 3 cycloalkyi, heierocycloalkyl, aryl or 
heteroaryl residues and optionally substituted on each ring wiUi I, 
2. 3 or 4 groups as above). 

A'.A^=B, N,PorCR*; 

R' = H, alkyl. cycloalkyi or aryl; 

D' = a single bond or I-3C alkylenc (optionally with I double bond 
and I or 2 substituents selected from alkyl, cycloalkyi. aryl, 
alkoxy. acyK carboxyl, alkoxycarbonyl. bH.'nitro, CN, CFj. oxo 
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(orketais)orNE'E^ 
ly = 3-6C alkylene (optionally with 1 , 2 or 3 double Ixinds and 1 . 2 or 

3 substimenis as for D', and in (II. 1) and (113) may be 

bridged by a group Y; 
Y = O. S. CRxRy or a gn)upof formula (111.1X111.4); 
Rx» Ry = H, alkyi, cycloalkyl, aryl or hcteroaryl; 
X = one of the following groups ( NIO): 

Rb = alkyl, cycloalkyl, aryl. alkoxy, acyl, carboxyl, alkoxycarbonyl, 
OH, nitro, CN, 0x0 (or ketals) or NE'E^ 




TECHNOLOGY FOCUS 



Organic Chemisiry - Preferred Ligand: The ligand in of formula (I*) or 
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R'-R'' = aikyl, cycloalkyl. aryi or heteroaryl (the last 3 types optionally 
.<jub.sliluted with 1, 2 or 3 alkyL cycloalkyl, aryl. alkoxy, 
cycloalkoxy, aryloxy, acyl, halogen, thfluoromethyl, nitn), 
cyano, carboxyl, alkoxycarbonyl or -NE'E* groups; 

E , B* = E' and E^. 




^ 8 A; R 

(Qa) \—l ^ 



(Qb) (Oe> 



(Ot) 
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Q = a eroiip of formula (QsihiQe) (ligands (Ia>(Ie) respectively); 

R*" R" = H in (la) <ir methyl in the other formulae; 

R*% R'-* = H in (ia)-(Ic) and methyl in the others; 

R'-*, R" = H in (la), (lb) and (Id) and methyl in the others; 

R*^ R^' = H in (la)-(ld) and methyl in (le); 

Y = 0, S, CH2 or a group of formula (ra.l)-(ra.4); 

R^-R'-* = H, alk^l. cycloalkyL arvK alkoxy. halogen, SO:\H, .sulfimaie, 

NE'E', alkylene-NE'E% CF3, nitro. alkoxycarbonyl, carboxyl 

orCN. . 

Other ligand(s) which may be present include hafide.*:. amines, 
caiboxylales. acetyl ace lonate, aryl- or alkyl- sulfonates, hydride, 
carbon monoxide, olefins, dienes, cyclo-olefins, nitriles, N- 
heterocycles, aromatics, hetero-an)matics, ethers, PF^, phosph4)les, 
phosphabenzenes and mono-, bi- or multi-dentate phosphine, 
phosphinite, phosphoniie, phosphoramidite and phosphite ligands. 
PrefeiTed Compound: Compound of formula (I) has at least two 
optionally substituted heien>- atoms (O. S or NRa) directly attached ti) 
the P, As or Sb atoms in Z' and Z% not including compounds in which 
X = cyclopentylene. Z' and Z''^ PR'R^ and R'. R' = phenyl or 
naphthyl with the phenyl residues optionally substituted with 1 . 2 or 3 
halogen, alkyl or aaoxy groups. Compound (1) is of formula (T'), not 
including those in which X = cyclopentylene and R'-R'* = optionally 



substituted phenyl or naphthyl. 

Inorganic Chemistry - Preferred Catalyst: The catalyst metal isci>balt. 
ruthenium, iridium, rhodium, nickel, palladium or platinum 
(65ppI712DwgNo.(l/0) 
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Abstract of DEI 0023471 

Hydroformylation of olefins is canied out in presence of a catalyst comprising a Sub-Group VIII metal 
complex with a ligand in which two phenyl groups substituted with phosphorus-, arsenic- or antimony- 
containing residues are attached to a non-aromatic, 3- to 8-membered, carbo- or hetero-cyclic, divalent 
bridging group. A method for the hydroformylation of compounds with ethylenic double bond(s) by 
reaction with hydrogen and carbon monoxide in presence of a hydroformylation catalyst, in which the 
catalyst comprises complex(es) of Sub-Group VIII metal(s) with ligand(s) of formula (I). X = a non- 
aromatic. 3- to 8-membered, carbo- or hetero-cyclic divalent bridging group with 1 , 2 or 3 double bonds 
and 1, 2, 3 or 4 substituents selected from alkyi, cycloalkyi, aryl, heteroaryl, alkoxy, acyl. cariDoxyi. 
alkoxycarbonyl, hydroxy, nitro, cyano, trifluoromethyl, oxo (or their ketals) or -NE<1>E<2>, and x'may 
be part of a condensed ring system with 1 , 2 or 3 other rings (optionally with 1 . 2 or 3 substituents as 
above), and X itself may be bridged by -0-, -S-. -N(Ra)- or another bridging group; E<1>. E<2> = alkyI, 
cycloalkyi or aryl; Ra = H. alkyl, cycloalkyi or aryl; Z<1>. Z<2> = a phosphorus-, arsenic- or antimony- ' 
containing residue. An Independent claim is also included for a catalyst as above. 
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